Telling Three from Four
Neutrinos with Cosmology
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Counting Neutrino Number...
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Cosmic Helium Production:

1. Hubble Expansion:
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Expansion vs. Interaction

2. Weak Interaction Rates:
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Assuming Standard Big Bang
Nucleosynthesis

Something much more scientific than
“optimistic” and “pessimistic” limits

And using only:

1. The cosmological baryon density
from the deuterium abundance:
D/H = (3.0 £ 0.4) x 10
? ,n? = 0.020 = 0.002 (95% CL)
(Burles, Nollet & Turner 2000;
Burles & Tytler 1998)

. The CMB-determined baryon density:
? ,n? = 0.022(+0.004)(-0.003)
(DASI+DMR)

. The primordial helium abundance:

YIo = 0.238 = 0.002 £+ 0.005
(Olive, Steigman & Skillman 1997;
Fields & Olive 1998)

Yp = 0.244 + 0.002
(Izotov & Thuan 1998)
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Active Neutrino Thermalization Prior: N, > 3

—— D/H
— — DASI+DMR

K. Abazajian, astro-ph/0205238
With a precise determination of ? h?from MAP satellite:
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The MiniBooNE Experiment

Dark shading is final LSNQ

90% Conf.
Fale shading, 99%

MiniBooNE Detector

Signal Region
‘ — NU BEAM, 10" PROTONS ON TARGET
|___. NUBAR BEAM, 10> PROTONS ON TARGET

90% Conf
Sensitivity




4-Neutrino
Mass-modelling
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Maltoni, Schwetz, & Valle 2001, 2002: Wieler 2002




Constraining Sterile Neutrino Mixing

= Collisions decohere neutrino gas and populate sterile
neutrinos

= Requiring that ?, are not equilibrated (N,<4)
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The relevant amplitude is simply:

Aue = AUt |Usa]” = sin’ 26y




Original 2-neutrino limits:
Langacker 1989;

Barbieri & Dolgov 1990;
: | Enqvist, Kainulainen,

(excluded) | Thomson 1992:

: Shi, Schramm & Fields
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never in
equilibrium (adiabatic)
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e Application to all 4 neutrino

(nonadiabatic) models:
. K. Abazajian, Astropart. Phys.
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Indirect 7, -> ?,
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> 3 x 10—4 (99% CL),

Along with unitarity, forces large
amplitude mixing with large ?m?,
violating BBN bound




2+2

Both solar (SNO) — neutral current
signal of D breakup and capture

and atmospheric (Super-K) — enhanced
neutral current component and matter
effects

experiments are now effectively
appearance experiments, and disfavor
large sterile components

Sterile must be split between upper
and lower doublet
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Constraint Evasion & New Physics

Those unafraid of further complications may choose from:
1.  Pre-existing lepton number (L ~ 10°B)
A fifth mass eigenstate, mostly sterile

may dynamically generate lepton number (Foot, Thomson & Volkas,
1996) sufficiently early

Generation of majoron fields (Berezinsky & Bento 2001)

Low reheating temperature (3 active neutrinos are not
thermalized)

Baryon-Antibaryon inhomogeneities: N, < 7 (Giovannini, Kurki-
Suonio & Sihvola 2002)

Extended gquintessence (“dark radiation”) (Chen, Scherrer &
Steigman 2001)

CPT violating Neutrinos (Murayama & Yanagida 2001; Barenboim,
Borrisov, Lykken & Smijrnov 2001)




Conclusions

= Minimal models of the big bang and nucleosynthesis are
In conflict 4 neutrino models accommodating
LSND+Solar+Atm results

= |f LSND is verified, will require new physics in the early
universe and in particle physics




